Introduction
In many applications of reversed-phase highperformance liquid chromatography (RP-HPLC), stationary phase degradation is a major drawback when using alkylsilane-modified silica surfaces because of the hydrolytic instability of siloxane bonds. Kirkland et al. proposed that bulky substituents in the silanizing reagent (for example, diisobutyl-n-octadecylsilane instead of dimethyl-n-octadecylsilane) would result in a more efficient steric protection of the silica surface and, in particular, the ligand siloxane bond [2] . These so-called stable bond phases indeed exhibit superior hydrolytic stability at low pH [3, 4] . However, the improved steric protection was not observed as such; it was postulated using the increased chromatographic stability as a criterion.
Of pmol/m'), the other is a diisobutyl-n-octadecylsilane derivatized silica, SB-C,,, with a carbon content of 9.85% (ligand density = 2.00 pmolim').
Both phases were prepared from the same silica substrate:
Rx-Sil, with a surface area of 180 m"/g, a particle size of 5.4 pm, an average pore diameter of 80 A and a pore volume of 0.45 ml/g (as reported by the manufacturer).
In addition, four batches of a fumed silica Degussa, Frankfurt, Germany) , trimethylsilylated to different degrees as described earlier [12] , were also studied by "Si CP MAS NMR. All silicas were dried in vacuum for 8 h at 110°C.
'"Si CP MAS NMR spectra were obtained on a Bruker MSL-400 NMR spectrometer (Bruker, Rheinstetten, Germany) at a Larmor frequency of 79.6 MHz. Approximately 250 mg siliceous material was filled into zirconia rotors (7 mm) of the Bruker double bearing type. The magic angle spinning frequency was 2 kHz, using air as the driving gas. Contact time variation revealed that 6 ms was an appropriate setting for comparing the spectra of the Aerosil samples. The contact time for the Zorbax phases was set to 3 ms. The acquisition time was 10 ms and the pulse delay after silylation. Now, Fig. 1 illustrates that in our case, where the silanol surface concentration is decreased by means of trimethylsilylation, the relative contribution of the hydrogen bonding residual silanols to the ligand siloxane signal is decreased because the signal maximum is shifted to lower ppm values. Fig. 2 displays the '"Si CP MAS NMR spectra of the two Zorbax C,, phases. Before considering the asymmetry of the silane ligand NMR signals, it should be noted that the peak maximum of the SB-C,, ligand signal is shifted 2 ppm upfield from the maximum of the Rx-C,, ligand signal. This is due to the j3 effect on 29Si upon substitution of two hydrogen atoms for two isopropyl groups. This chemical shift difference is, however, irrelevant in the following discussion. The attention is focused on the degree of asymmetry of both signals. It appears that the shoulder in the SB-C,, spectrum is much less pronounced, indicating that the ligand siloxane bond is involved in hydrogen bonding only to a small extent.
In the Rx-C,, spectrum on the other hand, the shoulder is clearly discernible. It should be noted that the surface coverage by the diisobutyl-n-octadecylsilane ligands is much lower than that of the dimethyl-n-octadecylsilane ligands (26% vs. 44% of reacted silanols, assuming a generally accepted initial silanol surface concentration of 7.6 pmol/m" on a fully hydro.aylated silica surface: Kiselev-Zhuravlev constant = 4.6 nmm2 [ 161). Bearing in mind the result of the trimethylsilylated Aerosil surfaces, where increasing surface coverage is accompanied by a decreasing hydrogen bonding contributj.on to the NMR signal, the slight asymmetry Fig. 3 . Schematic drawing of the dimethyl-n-octadecylsilyl and the diisobutyl-n-octadecylsiloxane surface structures. illustrating the increased steric protection of the &and sifoxane bond by the bulky side groups in the latter of the SB-C,, ligand NMR signal strongly suggests the superior steric shielding properties of the isobutyl groups. This is schematically illustrated in Fig. 3 .
In an attempt to roughly quantify this hydrogen bonding contribution, the spectra of the two n-octadecyl phases were deconvoluted using the Bruker Linesim software. As is known from theory, solid-state NMR signals generally have Gaussian line shapes, thus Gaussian functions were used in the spectral d~co~vo~ut~o~. A total of three Gaussian line shapes appeared necessary to accurately fit the experimental traces. Fig. 4 shows the results of these simulations and Table   RX Table I. 1 summarizes the relevant numerical data. The main peak (IX-. 1) in the simulated traces represents siiane silicon atoms attached to former single silanol (Q,) groups, of which the siloxane bond to the silica surface is not involved in hydrogen bonding. The second peak (nr. 2), 2 ppm downfield from the main signal, has an intensity about 4 to 5 times smaller than the main peak. We assign this signal to the silane species after reaction with s~~an~diol (Q,) groups as the ratio 1~5 reflects the Q,:Q, ratio of the native silica gel. The third Gaussian (nr. 3) is mainly responsible for the asymmetry of the total ligand signal. In line with Haukka and Root's results, this peak is assigned to the ligand siloxane bonds involved in hydrogen bonding.
From Table 1 several arguments can be deduced to sustain the supposed increased shielding of the ligand siloxane bond in the SB-Cl8 phase. First, peak number 3 has a greater downfield shift cornpa~~d to the main peak (number 1) 1) in the Rx-C rg phase, indicating a stronger hydrogen bond. Second, this peak has a higher intensity and a larger relative area. Furthermore, the main peak (nr. I) at 3 1.5 ppm in the Table 1 Relevant data of the three Gaussian peak shapes used to simulate the experimental ligand silane '"Si CP MAS NMR signal of the Rx-C,, and the SB-C,, phase 
